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SUPPLEMENTAL INFORMATION

The Contribution of Solar Brightening to the US Maize Yield Trend
Fig. S1. Relationship between grain yield (0% moisture) and dry matter accumulated during the grain-filling period. Meta analyses of field experiments that included multiple hybrids, plant densities, N amendments, and weed interference [10] [11] [12] [13] [14] [15] [16] . Shaded area represents 95% confidence interval (p < 0.0001). Fig. S2 . Relationship between grain yield (VPD-adjusted) and accumulated incident solar radiation during a) pre-flowering and b) grain-filling phases of development. The root mean square error (RMSE) of the fitted model for the GFP was 0.60 bu A -1 and shading depicts the 95% confidence interval, y = 0.16x -28.5, p<0.0001.
omitting possible contributions of non-technological factors. Consequently, climate change researchers have assumed that, through continued investment in agricultural technologies, maize yields will continue to rise at historical rates [1] [2] [3] . If factors other than technology have also contributed to historical yield gains, the rate of change of these non-technological contributors must also be considered to more accurately estimate future yields.
Among the possible non-technological contributors to variation in maize yield trend (for example, temperature, precipitation, CO 2 , and incident solar radiation), the contribution of decadalscale changes in incident solar radiation has been overlooked. Mean temperatures in the region of the US Corn Belt under study (see Methods) have not changed significantly during the past three decades as measured either during the pre-flowering phase (b = 0.004
• C yr −1 ; P > 0.45) of maize development. Changes in precipitation in the US Midwest in the past few decades were associated with increased frequency of extreme precipitation 12 , with consequences for both flooding and drought stress that confound the implication of precipitation changes on maize yields. Since the impact of water stress on maize yields is better correlated to vapour pressure deficit (VPD) than precipitation 13 , VPD adjustment during the flowering period was utilized to correct for changes in precipitation observed during the course of the current study (see Methods). Rising atmospheric CO 2 levels 14 only impact maize yield in the presence of drought, and the level of impact is a function of both the level of CO 2 increase and the degree of drought severity [15] [16] [17] . Effects of rising CO 2 under drought stress on yield are ignored in this study because the frequency of drought stress in the current study was relatively low (that is, VPD adjustment increased mean yield from 130 to 143 bu A −1 (6.9 to 7.6 Mg ha
at 0% grain moisture)) and even under drought stress the impact of CO 2 on yield is small (that is, yield increase of 6%, as estimated from McGrath and Lobell 16 , assuming drought stress every year over the 30-yr period). Studies on the impact of climate change on future crop yield generally assume that decadal scale solar radiation has remained constant. However, large-scale monitoring of incident solar radiation that began in the mid-20th century indicated that decadal-level incident solar radiation declined (that is, solar dimming) since the 1960s and increased (that is, solar brightening) for most regions of the globe after the mid-1980s 18-21 . Solar brightening (or dimming) is the average increase (or decrease) in solar energy reaching the Earth's surface for a given region and time period as measured by high-quality long-term (multi-decadal) surface measurement sites 20 or as inferred in satellite studies 5, 18 . Solar brightening at the global scale was reported to be about 2 W m −2 per decade, with regional variations from as low as 0. consistent annual yield gain of about 2% observed over the historical period. However, climate change studies have predicted that future maize yield in the region will decline due to the impact of rising temperatures 1,2 , an outcome that has serious implications for global supply and pricing.
In climate change research, projections of future yields are derived from the extrapolation of historical yield trends combined with estimates of the impact of heat stress on yield due to rising temperatures 1-3 . Although both historical yield trends and the quantification of heat stress on yield are important for accurately estimating future yields, most research has focused on the impact of heat stress on yields, with little or no attention to the assumptions inherent in projections of historical trends. Studies across various disciplines-that is, economic, agronomic and physiological studies 4,10,11 -have attributed yield gain in the US to the adoption and optimization of improved agricultural technologies such as genetics, agricultural chemicals, chemical application methodology, nutrient management systems, irrigation management practices, and agricultural equipment, implicitly in the current study was relatively low (that is, VPD adjustment increased mean yield from 130 to 143 bu A −1 (6.9 to 7.6 Mg ha −1 at 0% grain moisture)) and even under drought stress the impact of CO 2 on yield is small (that is, yield increase of 6%, as estimated from McGrath and Lobell 16 , assuming drought stress every year over the 30-yr period). Studies on the impact of climate change on future crop yield generally assume that decadal scale solar radiation has remained constant. However, large-scale monitoring of incident solar radiation that began in the mid-20th century indicated that decadal-level incident solar radiation declined (that is, solar dimming) since the 1960s and increased (that is, solar brightening) for most regions of the globe after the mid-1980s 18-21 . Solar brightening (or dimming) is the average increase (or decrease) in solar energy reaching the Earth's surface for a given region and time period as measured by high-quality long-term (multi-decadal) surface measurement sites 20 or as inferred in satellite studies 5, 18 . Solar brightening at the global scale was reported to be about 2 W m 
